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ABSTRACT 

Polyunsaturated milk has been produced by feed- 
ing cows safflower oil enclosed in a casein coat 
protected with formaldehyde (SOC-F) or formalde- 
hyde-treated soybean (SB) preparations. The effi- 
ciency of transfer of dietary 18:2 ranged from 17 to 
42% for various lots of SOC-F and was only 2-8% for 
SB (per cent transfer = 18.2 in milk fat per dietary 
18:2 x 100). The 18:2 content of the milk fat 
increased from basal levels of 2-3% of total fatty acids 
to 35% with certain SOC-F levels and 7% with SB. 
Major compensatory changes were noted in 14:0 and 
16:0 fatty acids. Blood cholesterol, triglycerides and 
nonesterified fatty acids all increased markedly as 
cows were fed increasing amounts of SOC-F. There 
was no increase in cholesterol in the milk. 

INTRODUCTION 

About 2 years ago the Inter-Society Commission for 
Heart Disease Resources recommended that the nation's 
food producing industry make a major effort to change the 
type of fat people eat (1). There will be increasing public 
pressures to do at least three things: (a) reduce the overall 
consumption of fats, (b) lower the amount of fat in foods, 
and (c) change the nature of the fat in food. 

The USDA is concerned about this problem, and our 
research is directed toward finding ways in which fat can be 
reduced and ways to change the nature of the fat. 

While ruminant  fats have a high proportion of saturated 
fats and very low proportions of polyunsaturated fatty 
acids, the diet they eat has large amounts of polyunsatu- 
rated fatty acids (2). The major fatty acid in grass is 
linolenic acid, a polyunsaturated acid containing three 
double bonds, but milk and meat have only a few per cent 
of polyunsaturated fat (Table I). The cow ingests polyun- 
saturated fatty acids, but these lipids do not appear in the 
milk or meat in that form. Interposed between the diet and 
these two agricultural products is a large vat full of bacteria, 
the rumen. Metabolic processes that occur in the tureen are 
responsible for hydrogenation or saturation of the double 
bonds to increase the concentrations of saturated fatty 
acids (3). 

Recently, Scott in Australia developed a technique to 
increase polyunsaturated milk fats by feeding polyunsatu- 
rated oils encased in a formaldehyde-protein coat (4,5). In 
the rumen, lipolysis and hydrogenation occur, and satu- 
rated fatty acids are produced from the dietary polyunsatu- 
rated fats of the normal feed. The formaldehyde-protein 
coat is stable at the pH of the rumen and protects the 
dietary polyunsaturated fats from hydrogenation by rumen 
microorganisms to saturated fats. The protective protein 
coat is hydrolyzed in the more acidic conditions in the 
abomasum (pH 2-3), and the polyunsaturated fatty acids 
are then absorbed and transferred into the milk. 

This report compares the efficiency of transfer of 
polyunsaturated fats into milk when two different proce- 
dures were utilized to protect the unsaturated fats: (a) the 
Scott encapsulation procedure and (b) treatment of an 
oilseed, soybeans, with formaldehyde. In the Scott encapsu- 
lation method, casein was used as a protein coat to encase 
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safflower oil, and formaldehyde was employed to make it 
resistant to rurninal action. In the soybean experiments, 
attempts were made to modify the natural protein of the 
soybeans as a protective coat for the polyunsaturated fat of 
the beans. 

EXPERI MENTA L PROCEDUR ES 

Preparation of Safflower Oil-Casein (SOC) and Safflower 
Oil-Casein Formaldehyde (SOC-F) Particles 

Safflower oil was metered into a continuous flow line of 
12.5% sodium caseinate at 65 C, followed immediately by 
two-stage homogenization. A 37% formaldehyde solution 
was slowly added to the homogenized oil-caseinate mixture 
with thorough stirring. After 20 min stirring, the mixture 
was spray-dried. SOC particles were prepared essentially as 
described without formaldehyde treatment. Composition of 
the treated particles was 58% oil, 40% casein, 2% formalde- 
hyde; untreated particles contained 60% safflower oil and 
40% casein. 

Preparation of Soybean Particles 

Ground whole soybeans (<3mm) were mixed in a 
horizontal feed mixer for 66 hr with a 37% formaldehyde 
solution (ca. 10% of soybean weight). The soybean-formal- 
dehyde mixture was dried in a forced air oven at 60 C and 
attained constant weight after 20 hr. Full-fat soy flour 
mixed with 15% of its weight of 37% formaldehyde 
solution was tumbled and agitated for 18 hr in a liquid-solid 
blender. Full-fat soy flakes were treated in a similar 
manner. 

Analytical Procedures 
Lipid extracts of milk were prepared and purified by 

chromatography on silicic acid (6). Fatty acid esters 
prepared by the method of Christopherson and Glass (7) 
were determined by programed gas liquid chromatography 
on 15% EGS (ethylene glycol succinate) on Anakrom AB 
(100/110 mesh) or 10% EGSS-X on gas-chrom P (100/120 
mesh) in a .63 c m x  182 c m  glass column wi th  a Model 801 
Perkin-Elmer gas chromaotgraph. Milk samples were ana- 
lyzed for per cent fat and cholesterol (8). Blood samples 
were analyzed for cholesterol (8), triglycerides (9) and 
nonesterified fatty acids (10). 

T A B L E  1 

Fatty Acid Composit ion o f  Pasture Grass and 
Bovine Milk and Meat Fat a 

Weigh t  % in l ip id  

Fatty acid Grass Milk Meat 

Myristic 1 4 : 0  l 12 3 
Palmitic 1 6 : 0  11 31 26  
Stearic 1 8 : 0  2 I 1 14 
Ole ic  l 8 :1  5 2 4  4 7  
Linoleic 18 :2  12 3 3 
Linolenic 18 :3  62 1 1 

Others 7 b 18 c 6 d 

aSource of  data: grass (2);  m i lk  and meat fa t -present  study. 
b p r i m a r i l y  1 2 : 0  a n d  16 :1 .  

c 4 : 0 - 1 2 : 0  C o m p r i s e  11%; 14:1  a n d  1 6 : 1 ,  4%; minor acids, 3%. 

dprimerily 16:1.  
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TABLE 1I 

Polyunsaturated Milk Experiments, 1971 

Number Experiment Days Fed, g/day Objective 

Safflower oil-casein 
Switch-back 

Dose-response 

3 Long term 

Soybeans 
4 Ground soybeans 
5 Full-fat soy flour 

6 Full-fat soy flakes 

5 1500 Compare SOC 
and SOC-F 

7 200 Establish 18:2 
7 400 milk response 
7 800 to increasing 
7 1600 dietary SOC-F 
7 3200 levels 

112 800 Determine long 
term effects of 
SOC-F on cow 

3 3200 
5 1900 Establish 18:2 

milk response to 
3 2000 soybean-formaldehyde 

A n i m a l s  a n d  T r e a t m e n t s  

Table II descr ibed the po lyunsa tura ted  milk exper imen t s  
in which e i ther  fo rma ldehyde- t r ea t ed  saff lower  oil-casein or 
fo rmaldehyde- t r ea ted  soybean  prepara t ions  were fed to 
Holstein cows,  450-650 kg, in their  4th-Tth m o n t h s  of 
lactat ion.  S tandard  r ahons  consis ted  of  med ium quali ty 
orchardgrass hay and a mixed  concen t ra te .  The dietary 
po lyunsa tu ra ted  fa t ty  acid supp lemen t ,  whe the r  a saff lower  
oil-protein particle or a soybean prepara t ion ,  was fed in two  
por t ions  per day as a partial r ep lacement  of grain on a w/w 
basis. Calculated energy intake varied less than 10% 
be tween  t r ea tmen t  and s tandard  periods.  

In the SOC and SOC-F switch-back exper imen t ,  af ter  
s tandard  hay-concen t ra t e  feeding for 10 days, one cow was 
fed 1500 g per  day p r o t e c t e d  saff lower oil-casein while the 
o ther  was fed 1500 g per  day u n p r o t e c t e d  oil-casein for 5 
days. This was fo l lowed immedia te ly  by ano the r  s tandard  
10 days, af ter  which exper imentaJ  t r ea tmen t s  were 
swi tched  so tha t  the cow previously fed SOC-F particles 
received SOC, while the cow previously fed SOC received 
SOC-F. Finally, b o t h  cows were fed the s tandard  hay- 
concen t ra te  ra t ion for 10 days. 

Since modi f ica t ion  of  the compos i t i on  of  milk fat f rom 
a highly sa tura ted  nature  to a more  unsa tura ted  type  may 

become a desirable p rocedure  f rom the co n s u mer  heal th  
s t andpo in t ,  the dose-response trial was conduc t ed  to 
de termine  the amo u n t  of  dietary p ro t ec t ed  oil which 
would p roduce  a part icular  level o f  po lyunsa tura t ion .  The 
es tab l i shment  of a dose response  relat ionship could serve as 
a practical guide for future  p roduc t ion  of  milk of  a specific 
desired level o f  po lyunsa tura t ion .  Each week the level of  
intake was increased by doubl ing the daily amo u n t  fed to  
two cows. Successively 200 g per  day for a week was fed,  
then 400 g per day for  the fol lowing week,  then  800, 1600, 
3200, and then  back down to  zero.  Because of feed 
refusals, part icularly at the highest  SOC-F level, actual 
intakes were 0, 200, 400, 762, 1600, 2278 and 0 g per  day 
for the seven successive weeks. 

The long t e rm e x p e r i m e n t  was c o n d u c t e d  to  de te rmine  
whe the r  there  might  be adverse effects  in the cows due to 
e x t e n d e d  ingest ion of  SOC-F. Four  cows were fed 800 g per  
day SOC-F for 4 mo n t h s ;  four  herd  cows served as controls .  

Af te r  a con t ro l  per iod of  3 days,  3200 g per  day of  
ground whole soybean- fo rma ldehyde  was fed for  3 days to 
two cows.  In the full-fat soy f lour  expe r imen t ,  two cows 
were fed 1952 g per day un t r ea t ed  full-fat soy flour and 
two cows were fed 1862 g fo rma ldehyde - t r ea t ed  full-fat soy 
flour for  5 days. The switch-back design was used for the 

TABLE III 

Transfer of Safflower Oil C 18 Fatty Acids into Milk Fat 

Experiment Dietary C 18:2 Transfer, Total recovery, 
material Days intake, g �9 ~'~18:2 %C18 

1 SOC-F 5 642 42 35 
SOC 5 642 2 23 

2 SOC-F 7 105 22 65 
SOC-F 7 210 20 43 
SOC-F 7 400 20 31 
SOC-F 7 840 17 25 
SOC-F q 1196 21 19 

3 SOC-F 112 420 21 39 

TABLE IV 

Transfer of Soybean C 18 Fatty Acids into Milk Fat 

1 SB-F 3 342 4.0 13.8 
2 EES Flour-F 6 168 6.5 19.6 

FFS Flour 6 176 3.5 12.4 
3 FFS Flakes-F 3 215 8.0 3.6 

FFS Flakes 3 244 1.5 4.2 

Dietary C18:2 Transfer, Total recovery, 
Experiment material Days intake,g %C 18:2 % C 18 
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experiment with full-fat soy flakes. One cow was fed 
full-fat soy flakes, while the other received full-fat soy 
flakes-formaldehyde, for 3 days. After a 5 day interval the 
treatments were reversed. Intake averaged 2257 g per day 
for the untreated and 1991 g per day for the formalde- 
hyde-treated full-fat soy flakes. 

RESULTS AND DISCUSSION 

Changes in Milk Fat Content and Composition-Safflower 
Oil-Casein Formaldehyde 

An increase in the fat content of the milk resulted from 
the inclusion of safflower oil-casein-formaldehyde in the 
diet in the switch-back (11) and dose-response experiments. 
Total milk production was not altered, but fat content 
increased 1.0-1.5 percentage units. Milk fat changes during 
SOC-F feeding in the dose-response experiment are shown 
in Figure 1. 

When the composition of the C18 fatty acids in milk fat 
is examined, a rapid increase in linoleic acid to 30-35% of 
the total fatty acids was observed in milk from cows fed the 
protected fat (11 ). Increasing amounts of SOC-F in the diet 
resulted in increasing proportions of 18:2 in the milk (Fig. 
2), from 3% of the total fatty acids at the beginning of the 
experiment to 33% at the top level. This was entirely 
expected, since ca. 45% of the SOC-F fed was 18:2 
triglyceride. There were small increases in the concentra- 
tions of 18:1 and 18:0 in the milk fat. During the long term 
experiment, feeding 800 g SOC-F per day continuously for 
16 weeks resulted in the production of milk which 
contained 14% 18:2 in the milk fat. 

The major acids showing a compensatory decline were 
palmitic, 16:0, which decreased from 35% to 14% and 
myristic, 14:0, which declined from 13% to 4% as the 
SOC-F level increased from 0 to 2278 g per day. These 
decreases were not merely due to the altered calculations, 
but there was a real decline in the total yield of these fatty 
acids on a weight basis. Figure 3 summarizes the major 
changes in fatty acids that occurred in these experiments. 
Palmitic acid was the major acid that changed in yield as an 
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increase in transfer of  l inoleic acid to the milk occurred.  
This was seen in each of  the saff lower oil-casein formalde-  
hyde exper iments .  

Changes in Blood Lipids During SOC-F Feeding 

Blood cholesterol ,  t r iglycerides and nonester i f ied fat ty 
acids all increased markedly  as the cows were fed increasing 
amounts  of  SOC-F (Fig. 4). The three-fold increase in 
tr iglyceride and nonester i f ied  fat ty  acid probably  represents 
the greater transfer of  dietary lipid in to  the blood.  The 
two-fold increase in cholesterol  was in terpre ted  to be an 
obl igatory response to  aid in t ransport  of  greater amounts  
of  circulat ing 18:2 fat ty  acids and total  lipids. When the 
cows were fed SOC-F for 4 months ,  b lood cholesterol  
showed the increases we previously observed in the dose- 
response exper iment  and was two-three  t imes control  levels 
(Fig. 5). In spite of  the very large increase in b lood 
cholesterol  in the SOC-F fed cows, there was no increase in 
cholesterol  in the milk (Fig. 6). 

Changes in Mi lk Fat Content and 
Composi t ion-Soybean-Formaldehyde 

There were li t t le or no  effects  on total  milk p roduc t ion  
and on milk fat percentage in the three soybean experi-  
ments.  The 18:2 con ten t  of  the milk increased in each of  
the exper iments ,  doubl ing to  6-7% in the milk from the 
cows fed  the ground soybeans- formaldehyde  (Fig. 7). The 
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mi lk  f rom the  cows fed the  ful l-fat  soy f l ou r - fo rma ldehyde  
also showed  an increase  (Fig. 8). When fed full-fat  soy 
f l akes - fo rmaldehyde ,  18:2 increased f rom 2% to 4% (Fig. 
9). In  con t r a s t  to  the  20-30% 18:2 a t t a ined  in the SOC-F 
expe r imen t s ,  increases  in ! 8 :2  were modes t .  Again pa lmi t ic  
acid was the  f a t ty  acid showing  the largest  c o m p e n s a t o r y  
decrease as 18:2 increased  in the  mi lk  (Fig. 10). 

Efficiency of Transfer 

Table  III  shows the  eff ic iency of  t r ans fe r  of saf f lower  oil 
C18 :2  i n to  mi lk  fat .  In  our  var ious expe r i m en t s  wi th  
saf f lower  oil c o a t e d  wi th  casein which  was p r o t e c t e d  wi th  
f o r m a l d e h y d e ,  17-42% of the  C18 :2  was t r ans fe r red  i n to  
the  milk fat.  If  the re  was n o  f o r m a l d e h y d e  t r e a t m e n t ,  on ly  
2-3% of the saf f lower  oil C 1 8 : 2  appeared  in the  milk fat .  
The  per  cen t  of  C18 :2  t r ans fe r red  in e x p e r i m e n t  1, 42%, 
was m u c h  grea ter  than  the  17-22% observed in e x p e r i m e n t  
2, p r o b a b l y  a t t r i b u t a b l e  to  the  d i f fe ren t  lots  of  SOC-F used 
in these  expe r imen t s .  Cons ider ing  to ta l  recovery  of  d ie ta ry  
C18 acids (exp.  2) there  was a def in i te  inverse re la t ionsh ip  
be tween  to ta l  recovery  and  the  a m o u n t  added  to the diet ,  

Table  IV  shows the  e f f ic iency  of  t r ans fe r  for  the  
soybean  p repa ra t ions .  While these  th ree  s o y b e a n  exper i -  
m e n t s  are cons i s t en t  in  d e m o n s t r a t i n g  t h a t  some increase in 
p o l y u n s a t u r a t i o n  can  be achieved,  they  are d i sappo in t ing  in 
the ac tual  a m o u n t  of  increase.  When the  a m o u n t  of C18 :2  
t r ans fe r red  i n to  the  milk fat  above t h a t  ord inar i ly  p resen t  is 
ca lcula ted,  on ly  smal l  pe rcen tage  t ransfers  were ef fec ted .  
The  t r ans fe r  f r o m  the  f o r m a l d e h y d e - t r e a t e d  p repa ra t ions  
was h igher  than  the  u n t r e a t e d ,  b u t  b o t h  were low. 

The  a m o u n t  of  s o y b e a n - f o r m a l d e h y d e  fed was suff ic ient  
to  achieve h igher  18 :2  levels in the  mi lk  fat  if s imilar  
t r ans fe r  rates  had  been  a t ta ined .  The  relat ive fai lure of  the  

s o y b e a n - f o r m a l d e h y d e  p repa ra t ions  suggests the  poss ibi l i ty  
t ha t  the  na tu ra l  p ro t e in  does n o t  encapsu la te  the  oil in 
soybeans  in the  way t h a t  casein does in  the  safflowe, r 
oil-casein h o m o g e n i z a t i o n  p rocedure .  The  phys ica l  na tu re  
of  the  oil and  p ro t e in  in  the  soybean  s t ruc tu r e  may  be such 
t h a t  f o r m a l d e h y d e  t r e a t m e n t  affords  l i t t le  p r o t e c t i o n  to  the  
oil. A n o t h e r  poss ibi l i ty  is t h a t  the  fa t  is t oo  p r o t e c t e d  in 
the  f o r m a l d e h y d e  soybean  p repa ra t i ons  and  passes ou t  i n to  
the  feces w i t h o u t  abso rp t ion  in the  body .  We have n o t  ye t  
done  ba lance  s tudies  on  fecal fat  levels to assess this  
a l ternat ive .  
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